Background {#Sec1}
==========

Cryptococcal meningitis (CM), caused by *Cryptococcus* spp*.*, is responsible for significant morbidity and mortality and requires prolonged treatment \[[@CR1]\]. It is an opportunistic fungal infection common among human immunodeficiency virus (HIV)-infected patients, particularly in sub-Saharan Africa \[[@CR2]\]. Globally, an updated data from 2017 show that annual deaths from CM are about 181,100 \[95% confidence interval (CI), 119,400-234,300\]. Moreover, 15% (95% CI, 10--19%) of Acquired Immune Deficiency Syndrome (AIDS) patients died from CM \[[@CR2]\]. The incidence of CM in HIV-infected patients has decreased in the era of antiretroviral therapy. However, in recent years, CM has been on the rise in HIV-negative hosts with organ transplants, autoimmune disease, immune deficiencies, hematological malignancies, prolonged immunosuppressants treatment, and even in apparently immunocompetent individuals \[[@CR3]\]. Recent advances in the care for CM patients and CM prevention, including some new agents and adjunctive immunomodulatory therapies, have the potential to reduce mortality from the disease \[[@CR4], [@CR5]\].

Lumbar puncture (LP) is a common procedure in CM patients. Aggressive management of elevated intracranial pressure via LP is beneficial to CM patients \[[@CR6]--[@CR8]\]. Accurate analysis of the cerebrospinal fluid (CSF) profile is essential when diagnosing and managing CM. CSF cellular analysis, India ink staining, CSF Cryptococcal antigen (CrAg) test, fungal culture, and molecular techniques are used to diagnose CM. Many previous studies have shown that high CSF CrAg titer (\>1:1024) was an independent risk factor for poor prognosis in CM patients \[[@CR9], [@CR10]\]. However, several CrAg measurements are probably unhelpful for CM management because CrAg can still be positive even if the pathogen has been cleared \[[@CR11]\]. CSF cytology and cell count can provide quick and cost-effective important information on possible etiologies that could lead to diagnosis and guide immediate therapeutic decisions. More importantly, dynamic changes in CSF cell count could help assess disease status and therapeutic response. Some previous studies have suggested that low baseline CSF white cell count (WCC) was a predictor for poor clinical outcomes in CM patients \[[@CR10], [@CR12]\], but other studies showed that CSF WCC was not associated with clinical outcomes \[[@CR13], [@CR14]\]. Therefore, the clinical significance of CSF WCC in CM patients is not fully understood, and data on CSF WCC changes over time during antifungal therapy in these patients are rare.

In this retrospective study, we aimed to evaluate the clinical significance of longitudinal CSF WCC data and elucidate its relationship with clinical outcomes in patients with CM who were admitted to a university hospital in China between 2008 and 2018.

Methods {#Sec2}
=======

Patients {#Sec3}
--------

This is a retrospective cohort study was conducted on CM patients admitted to West China Hospital, Sichuan University, Chengdu, Sichuan, China between January 2008 and December 2018. The diagnosis of CM was done based on clinical manifestations and positive CSF culture for *Cryptococcus* or positive CSF India ink staining. Exclusion criteria were age under 14 years, suspected or confirmed co-infection with other pathogens, and those who had received antifungal treatment before admission to our hospital.

Laboratory studies {#Sec4}
------------------

Laboratory tests such as routine blood tests, blood biochemistry, and peripheral blood T lymphocyte subsets analysis were carried out. The enzyme-linked immunosorbent assay (ELISA) or chemiluminescence immunoassay was used to detect HIV infection, and positive results were confirmed by western blot (Mp Biomedicals Asia Pacific Pte. Ltd., Singapore). A lymphocyte subset analysis was done by flow cytometry. LP was performed before treatment was initiated. The CSF samples were analyzed immediately for cell count, biochemical parameters, India ink staining, acid-fast smears for tuberculosis (TB), TB DNA analysis, and fungal and bacterial cultures. Latex agglutination (LA) test or lateral flow immunoassay (LFA) was used to detect the CSF CrAg titer. Fungal CSF culture was done in Sabouraud dextrose agar plates. After the initiation of antifungal therapy, CSF examination was performed approximately once a week. All examinations included cell count, biochemical test, India ink staining, and fungal culture.

Treatment strategies {#Sec5}
--------------------

Cryptococcal disease management was done following the Infectious Diseases Society of America and our country's guidelines, and based on our experience \[[@CR6], [@CR7], [@CR15]\]. Induction therapy for HIV-negative CM patients lasted 6--12 weeks and included amphotericin B (0.5--1.0 mg/kg/day) or amphotericin B liposomes (3.0 mg/kg/day) and 5-flucytosine (100 mg/kg/day). Some patients also received fluconazole (400--800 mg/day) or voriconazole (loading dose of 6.0 mg/kg/12 h, a maintenance dose of 4.0 mg/kg/12 h, and further dose adjustments according to the actual blood concentration). Consolidation therapy was given for more than 6 months, and consisted of fluconazole (400--600 mg/day), voriconazole (200 mg/12 h), or itraconazole (200 mg/12 h), with or without 5-flucytosine. Maintenance therapy and antiretroviral therapy were given to patients with HIV infection. Mannitol or glycerin fructose, frequent lumbar drainage, or lumbar subarachnoid continuous drainage was applied to control high CSF pressure.

Clinical definitions {#Sec6}
--------------------

Clinical outcomes of patients with CM were evaluated at 2 and 10 weeks after diagnosis or initiation of antifungal therapy. Based on clinical manifestations and laboratory findings, clinical outcomes were divided into good or poor. Patients were assigned to the poor outcome group if they had died or the disease has progressed or relapsed. Disease progression was defined as aggravation of consciousness disorders, fever, headaches, and other clinical manifestations, and persistently positive CSF cultures or India ink staining. Relapse was defined as a situation in which CSF culture or India ink staining has turned negative and then positive again, and symptoms and signs of infection appear again after they have disappeared. A good outcome was defined as a situation in which CSF culture or India ink staining turned negative after being positive, and clinical symptoms have improved.

Statistical analysis {#Sec7}
--------------------

Statistical analysis was carried out using SPSS for Windows, version 22.0 (IBM Corp., Armonk, NY, USA). Continuous variables were assessed for normality using the Shapiro-Wilk test. Groups were compared using the Student's *t*-test for normally distributed continuous variables or the Mann-Whitney *U* test for non-normal data. Categorical variables were compared using the Chi-squared test or Fisher's exact test. Associations between quantitative variables were assessed by Spearman's rank correlation coefficient (*r*) for non-normal data. An *r*-value greater than 0.8 was considered strong positive correlation; 0.2 \< *r* \< 0.5 was considered as weak correlation. CSF WCC receiver operating characteristic (ROC) curve was plotted, and the area under the curve (AUC) was calculated using the MedCalc software, version 11.5.1.0 (MedCalc Software, Ostend, Belgium).The AUC was used to evaluate the prognosis for CM patients. A machine learning algorithm (C 5.0 decision tree) was implemented in the R 3.5.1 program for Windows to identify the relationship between dynamic changes in CSF WCC and clinical outcome, and the predictive value of the dynamic changes in CSF WCC for clinical outcome. We split the data into training (70%) and test (30%) datasets while preserving the proportions of the good and poor outcome categories. The training data set was used to build a C5.0 decision tree model. We then repeated 10 times a random leave-one-out cross-validation (LOOCV) test to identify the optimal parameters. The testing dataset was then used in the trained model to predict the outcome. We randomly chose 50 seeds to run our model 50 times. The final model results and the features' importance analysis results (the importance interval being 0 \~ 100) are the mean values of these 50 runs. A two-tailed *P*-value \< 0.05 was considered statistically significant.

Results {#Sec8}
=======

Patient characteristics {#Sec9}
-----------------------

A total of 150 patients with CM (mean age 45.93 ± 15.73 years; 98 males) were admitted to our hospital from January 2008 to December 2018 and were included in this retrospective study. They were categorized into two groups (good and poor outcome groups) according to their clinical outcome. Clinical improvements after 2 and 10 weeks were observed in 93 and 94 CM patients, respectively. Therefore, data assessed after 10 weeks was used for clinical analysis. The demographic and clinical features of these patients are summarized in Table [1](#Tab1){ref-type="table"}. CM was more prevalent between the ages of 31 and 60 years (91, 60.67%) than in the other age groups. Male patients older than 60 years were more likely to have a poor clinical outcome (*P*\<0.05). The most common clinical symptoms were headache (136, 90.67%) and vomiting (78, 52.00%). Altered mentation was more common in the poor outcome than the good outcome group (*P*\<0.05). The most frequent underlying diseases were HIV infection (32, 21.33%) and immune system disease (16, 10.67%). A higher percentage of patients in the good outcome group (26.60%, 25/94) had no underlying diseases or factors compared to the poor outcome group (12.50%, 7/56; *P*\< 0.05). Table 1Demographic and clinical characteristics in patients with cryptococcal meningitisVariablesAll (*N* = 150)\
(n,%)Good outcome (*N* = 94)\
(n,%)Bad outcome (*N* = 56)\
(n,%)*P*-valueMale98 (65.33)58 (61.70)40 (71.43)0.288**Age**  ≤ 3031 (20.67)26 (27.66)5 (8.93)**0.000** 31--6091 (60.67)59 (62.77)32 (57.14) \>6028 (18.67)9 (9.57)19 (33.93)**Presenting symptoms and signs** Headache136 (90.67)89 (94.68)47 (83.93)**0.029** Vomiting78 (52.00)46 (48.94)32 (57.14)0.331 Fever74 (49.33)52 (55.32)22 (39.29)0.057 Altered mentation31 (20.67)12 (12.77)19 (33.93)**0.002** Abnormal vision29 (19.33)20 (21.28)9 (16.07)0.435 Cough12 (8.00)7 (7.45)5 (8.93)0.746 Abnormal hearing9 (6.00)5 (5.32)4 (7.14)0.726 Seizure7 (4.67)4 (4.26)3 (5.36)1.000**Underlying diseases or factors** HIV infection32 (21.33)8 (8.51)24 (42.86)**0.000** Immune system disease16 (10.67)12 (12.77)4 (7.14)0.413 Hepatobiliary diseases14 (9.33)11 (11.70)3 (5.36)0.170 Hypertension13 (8.67)9 (9.57)4 (7.14)0.768 Corticosteroid medication or immunosuppressive drugs15 (10.00)9 (9.57)6 (10.71)0.822 Diabetes mellitus12 (8.00)9 (9.57)3 (5.36)0.536 Chronic lung disease6 (4.00)4 (4.26)2 (3.57)1.000 Renal transplantation7 (4.67)4 (4.26)3 (5.36)1.000 Tuberculosis6 (4.00)1 (1.06)5 (1.79)**0.027** Others26 (17.92)15 (15.96)11 (19.64)0.564 None32 (21.97)25 (26.60)7 (12.50)0.042

Laboratory data {#Sec10}
---------------

The laboratory tests results in patients with CM are shown in Table [2](#Tab2){ref-type="table"}. The baseline CSF WCC and protein concentration in the poor outcome group were lower than the good outcome group (*P* \< 0.05). The positive rate of CSF India ink staining in the poor outcome group (54, 96.43%) was higher than in the good outcome group (66, 70.21%; *P* \< 0.05). There was no difference in CSF glucose or chloride levels and the positive rates of CSF fungal culture between the two groups. The percentage of serum CD4+ T lymphocyte (11.97% vs. 31.35%, *P* \< 0.001) and CD4/CD8 ratio (0.10 vs. 1.19, *P* \< 0.001) were lower in the poor outcome group than in the good outcome group. Table 2Laboratory data in patients with cryptococcal meningitisVariablesAll\
(*N* = 150)Good outcome\
(*N* = 94)Bad outcome\
(*N* = 56)*P*-value**CSF** WCC (cells/μl), Median (IQR)60.00 (10.00--140.00)90.00 (46.00--180.00)10.00 (0.00--40.00)**0.000** Total protein (mg/dL), Median (IQR)0.81 (0.52--1.14)0.87 (0.61--1.23)0.65 (0.41--0.91)**0.002** Glucose (mmol/L), Median (IQR)1.95 (0.87--2.73)1.88 (0.80--2.66)1.99 (0.97--2.96)0.728 Chloride (mmol/L), (mean ± SD)118.75 ± 6.14118.62 ± 5.70118.96 ± 6.850.345 Positive India ink stain(%)120 (80.00%)66 (70.21%)54 (96.43%)**0.000** Positive CSF fungal culture(%)116 (77.33%)75 (79.79%)41 (73.21%)0.421 Positive India ink stain & fungal culture(%)96 (64.00%)57 (60.64%)39 (69.64%)0.295**Serum** Albumin(g/L), (mean ± SD)39.73 ± 4.8140.43 ± 4.3337.98 ± 5.560.025 WBC (× 10^9^/L), (mean ± SD)8.35 ± 3.468.54 ± 3.208.01 ± 3.880.364 Hemoglobin (g/L), (mean ± SD)124.49 ± 19.66127.95 ± 20.51120.02 ± 19.670.022 CD4^+^ T lymphocyte (%),(mean ± SD)^a^25.14 ± 16.7531.35 ± 14.4011.97 ± 13.58**0.000** CD8^+^ T lymphocyte (%),(mean ± SD)^a^34.52 ± 16.8029.61 ± 13.6144.92 ± 18.32**0.000** CD4/CD8 ratio (%), Median (IQR)^a^0.93 (0.20--1.57)1.19 (0.70--1.76)0.10 (0.03--0.83)**0.000**^a^47 missing values, *CSF* cerebrospinal fluid, *WCC* white cell count, *WBC* white blood cell

Treatment strategies and clinical outcomes {#Sec11}
------------------------------------------

A total of 134 CM patients received antifungal treatment after diagnosis. The remaining patients (16/150, 10.67%) did not receive antifungal treatment because their disease had rapidly progressed to death before such treatment could be initiated or because they were abandoned by their family members and were discharged voluntarily. Treatments for the other patients were categorized as monotherapy, two-drug combination, or triple therapy. Most patients (81/150, 54.00%) were treated by the two-drug combination, but patients receiving the triple therapy had a better clinical outcome (*P* \< 0.05), as shown in Table [3](#Tab3){ref-type="table"}. Table 3Therapeutic regimen of 150 patients with cryptococcal meningitisTreatmentAll (*N* = 150)\
(n,%)Good outcome (*N* = 94)\
(n,%)Bad outcome (*N* = 56)\
(n,%)*P*-valueNo treatment16 (10.67)0 (0.00)16 (28.57)**0.000**Monotherapy11 (7.33)3 (3.19)8 (14.29)Two-drug combination81 (54.00)54 (57.45)27 (48.21)Triple therapy42 (28.00)37 (39.36)5 (8.93)**Antifungal treatment** AmB9 (6.00)3 (3.19)6 (10.71)0.079 FCZ2 (1.33)0 (0.00)2 (3.57)0.138 AmB +  5FC59 (39.33)40 (42.55)19 (33.93)0.296 AmB + FCZ9 (6.00)4 (4.26)5 (8.93)0.295 AmB + VCZ3 (2.00)1 (1.06)2 (3.57)0.556 FCZ +  5-FC4 (2.67)3 (3.19)1 (1.79)1.000 VCZ +  5-FC6 (4.00)6 (6.38)0 (0.00)0.084 AmB + FCZ+  5-FC15 (10.00)13 (13.83)2 (3.57)0.050 AmB + VCZ+ 5-FC27 (18.00)24 (25.53)3 (5.36)**0.002***AmB* amphotericin B, *FCZ* fluconazole, *VCZ* voriconazole, *5-FC* 5-flucytosine

Associations with baseline cerebrospinal fluid white cell count {#Sec12}
---------------------------------------------------------------

The CM patients were divided in two ways; one division was based on their clinical outcomes, and the other based on their HIV-infection status. As can be seen in Fig. [1](#Fig1){ref-type="fig"}, the baseline CSF WCC in the good outcome group (90 vs. 10 cells/μL, *P* \< 0.001) and in the non-HIV infection group (80 vs. 0 cells/μL, *P* \< 0.001) were higher than in the control group (*P* \< 0.01). Fig. 1Baseline cerebrospinal fluid white cell count (CSF WCC) in cryptococcal meningitis patients. **a** CSF WCC in the good outcome group was higher than in the poor outcome group (*P* \< 0.001); **b** CSF WCC in the non-HIV infection group was higher than the HIV-infection group (*P* \< 0.001)

Relationship of baseline cerebrospinal fluid white cell count and T lymphocyte subsets in the peripheral blood {#Sec13}
--------------------------------------------------------------------------------------------------------------

Results of CD4+ T lymphocyte count in the peripheral blood were obtained in 35 cases. The correlations between CSF WCC and CD4+ T lymphocyte count, CD4+ T lymphocyte percentage, CD8+ T lymphocyte percentage, and CD4/CD8 ratio were analyzed. CSF WCC and CD4+ T lymphocyte count were closely correlated (*r* = 0.738, *P* \< 0.001), as shown in Fig. [2](#Fig2){ref-type="fig"}. Fig. 2Relationship between cerebrospinal fluid white cell count (CSF WCC) and peripheral T lymphocyte subsets. Spearman correlation analysis was used to study the association between CSF WCC and peripheral CD4+ T lymphocyte count, CD4+ T lymphocyte percentage, CD8+ T lymphocyte percentage, and CD4/CD8 ratio in cryptococcal meningitis patients. **a** CSF WCC was positively correlated with peripheral CD4+ T lymphocyte count (*r* = 0.738, *P* \< 0.001), **b** CD4+ T lymphocyte percentage (*r* = 0.616, *P* \< 0.001), and (**d**) CD4/CD8 ratio (*r* = 0.592, *P* \< 0.001). **c** CSF WCC had a weak negative correlation with CD8+ T lymphocyte percentage (*r* = − 0.364, *P* \< 0.001). Forty-seven values of CD4+ T lymphocyte percentage, CD8+ T lymphocyte percentage, and CD4/CD8 ratio were missing

ROC curve of CSF WCC for prognosis evaluation {#Sec14}
---------------------------------------------

Figure [3](#Fig3){ref-type="fig"} depicts the ROC curve of CSF WCC for prognosis evaluation in patients with CM. The AUC of CSF WCC was 0.831 (95% CI: 0.766--0.883; *P* \< 0.001). The most effective cutoff value of CSF WCC for evaluating poor clinical outcomes in CM patients was 40 cells/μL, for which Youden's index was 0.58. Fig. 3Receiver operating characteristic (ROC) curve for cerebrospinal fluid white cell count (CSF WCC) as a means to evaluate the prognosis of patients with cryptococcal meningitis. The area under the curve (AUC) for CSF WCC was 0.831 \[95% confidence interval (CI) 0.766--0.883\]

The relationship between dynamic changes in CSF WCC and clinical outcome {#Sec15}
------------------------------------------------------------------------

The dynamic changes of CSF WCC are shown in Fig. [4](#Fig4){ref-type="fig"}. The CSF WCCs were higher among patients in the good outcome group on weeks 0, 1, 2, 3, 4, 5, 6, 10 (*P* \< 0.05). The counts decreased faster in this group compared to the poor outcome group. Two predictive models (C5.0 decision tree), using the caret package, revealed the relationship between dynamic changes in CSF WCC and the clinical outcome. The covariables used to predict the outcome in both models were sex, age, Charlson comorbidity index, hemoglobin concentration, peripheral WBC count, neutrophil concentration, treatment strategies, CSF protein concentration, CSF chloride concentration, CSF India ink staining, and CSF culture. Model 1 only used CSF WCC at week 0, while model 2 used CSF WCCs at weeks 0 to 10. The sensitivity, specificity, accuracy, and AUC of model 2 were superior to those of model 1. In both models, CSF WCC at week 0 made a great contribution to predicting the clinical outcome (importance: 92.4 in model 1, 91.5 in model 2). In model 2, the importance of CSF WCCs from week 1 to week 10 were all greater than zero (Table [4](#Tab4){ref-type="table"}). Fig. 4The dynamic changes of cerebrospinal fluid white cell count (CSF WCC) at baseline (week 0) and through antifungal therapy (weeks 1--10) in patients with cryptococcal meningitis (CM). CM patients in the good outcome group had higher CSF WCC in weeks 0--6 and week 10 than those in the poor outcome group (*P* \< 0.05). Missing data in each group and each week were not used in Figure 4. No CSF WCC records were available in week 9Table 4Prediction models for clinical outcome in patients with cryptococcal meningitisItemsModel 1 (week 0)Model 2 (week 0-week 10)Sensitivity0.88285710.9035714Specificity0.69500000.7100000Positive prediction value0.84103320.8505685Negative prediction value0.79177690.8306219Accuracy0.814545450.83318182AUC0.88328130.8985045**The importance of variables to the predictive model** Treatment (no treatment)98.0097.7358 Positive CSF ink stain91.49192.6038 Age89.603688.6226 Charlson index85.547280.8676 Treatment (monotherapy)81.43486.0568 Treatment (triple therapy)79.377481.1326 Hemoglobin76.170876.982 Negative CSF fungal culture72.906273.5666 Neutrophile68.396260.7552 CSF proteins67.679857.0194 White blood cell67.415249.2082 Male64.24558.2074**CSF WCC** week 092.377691.472 Week 1NA15.6604 Week 2NA21.1326 Week 3NA10.2644 Week 4NA7.2828 Week 5NA17.17 Week 6NA14.1516 Week 7NA5.4718 Week 8NA3.7928 Week 10NA22.095*CSF* cerebrospinal fluid, *WCC* white cell count, *NA* Not applicable. Only variables whose importance was greater than zero were displayed

Discussion {#Sec16}
==========

Cryptococcal meningitis is the most common life-threatening fungal meningitis, so it is important to recognize its clinical characteristics and explore new methods for early diagnosis and prognostic assessment. This study found that older male patients with CM (≥ 60 years) had the worst clinical outcome. This finding is similar to previous research results \[[@CR16]\]. The immune function in older individuals shows the characteristics of immune senescence, as it declines and weakens the ability of older people to respond to infection \[[@CR17]\]. This might be one of the reasons for the poor prognosis in older CM patients. Headache, fever, vomiting, and altered mentation were common clinical manifestations of CM in our patients. Many previous reports have also found similar results and showed that altered mentation was an independent indicator of poor outcomes for CM patients \[[@CR9], [@CR18]\]. A higher proportion of patients in the good outcome group presented with headache in this study. This finding might be because some patients in the poor outcome group suffered from disturbances to their consciousness and thus could not complain about their sufferings. This study also suggests that CM patients with HIV or tuberculosis infection were associated with worse outcomes. An important characteristic of these patients is their impaired cellular immune function \[[@CR19], [@CR20]\]. Such impairment might reduce the recruitment of macrophages and neutrophils to the sites of infection, thereby reducing *Cryptococcus* clearance \[[@CR21]\].

CM patients with lower baseline CSF WCC and protein level had poor clinical outcomes. Several previous studies have also found that CM patients with lower CSF WCC had a lower survival rate \[[@CR22], [@CR23]\], but other results suggested that baseline CSF WCC is not associated with mortality in patients with HIV-associated CM \[[@CR13]\]. Lower CSF WCC indicates a lower intensity of the inflammatory response, thus affecting the clinical outcome. A weak inflammatory response in the central nervous system (CNS) of CM patients with lower CSF protein level might lead to a decrease in the transport of antifungal drugs to the CNS \[[@CR24]\]. In this study, a high positive rate of CSF India ink staining was found in the poor outcome group. Positive India ink staining often signifies a high fungal burden, which indicates a poor clinical outcome \[[@CR13], [@CR25]\]. CD4+ T lymphocyte percentage and CD4/CD8 ratio in the serum were significantly lower in the poor outcome group. One study examined the cryptococcal-specific peripheral CD4+ T-cell response in HIV-associated CM patients. The researchers found that these cells could produce macrophage inflammatory protein 1α, interferon γ (IFN-γ), and tumor necrosis factor α (TNF-α). These results show that when the IFN-γ/TNF-α-producing CrAg-specific CD4+ T-cell response was missing, CSF lymphocyte count declined, the proinflammatory CSF cytokine response was attenuated, and a higher mortality rate was recorded \[[@CR26]\].

Nowadays, options for treating CM remain limited. All patients without access to treatment had a poor clinical outcome. The best clinical outcome was of patients with triple therapy. Therefore, early diagnosis and treatment are very important to reduce the mortality of CM patients. Amphotericin B, combined with 5-flucytosine, remains the most commonly used induction therapy regimen for CM, but its therapeutic efficacy is unsatisfactory. One earlier research found that in HIV-associated CM patients, a combined treatment of amphotericin B and 5-flucytosine could more rapidly clear *Cryptococcus* from the CSF than amphotericin B alone, amphotericin B with fluconazole, or triple therapy \[[@CR27]\]. A recent study in CM patients showed that triple therapy that combines amphotericin B, 5-flucytosine, and fluconazole provides superior clinical effectiveness when used from treatment initiation. This triple therapy was superior to the combination therapy of amphotericin B and flucytosine. Importantly, there was no difference between the treatment groups in the incidence of adverse events \[[@CR28]\]. Zhao et al. also found a significantly higher response rate in the triple combination group than in the two-drug combination group for salvage therapy in HIV-uninfected CM patients \[[@CR29]\]. Triple therapy used during the induction period in CM patients could reduce fungal burden and mortality, so it might be considered as an alternative treatment for these patients.

In this study, we observed lower CSF WCC in the poor outcome group and the HIV-infected group. In addition, CSF WCC was positively correlated with peripheral CD4+ T lymphocyte count, CD4+ T lymphocyte percentage, and the CD4/CD8 ratio. A previous study found a positive correlation between CSF and blood CD4+ counts. Lower numbers of CSF T cells and NK cells, and lower expression of the neutrophil activation marker CD66b26 were also observed in CM patients with a high fungal burden \[[@CR29]\]. Lower CSF WCC might indicate a higher fungal burden in the CSF. Patients with higher CSF fungal burden tend to have lower concentrations of proinflammatory cytokines (IL-6, IFN-γ, and TNF-α) in their CSF \[[@CR30], [@CR31]\]. This lower cytokine level is probably because of the high concentration of glucuronoxylomannan, the main capsular polysaccharide of *Cryptococcus*. In such patients, the CNS inhibits the recruitment of immune cells into the CSF \[[@CR32]\]. Our study also found a baseline CSF WCC cutoff value of 40 cells/μL, below which poor prognosis could be predicted for the CM patients. In some low- and middle-income countries, many hospitals with limited health care resources cannot carry out laboratory tests such as CrAg and cellular immune function, but CSF cytology can be performed in almost every hospital. Therefore, the baseline cutoff value for CSF WCC might help many clinicians around the world assess the prognosis of their CM patients. Analysis using the R program revealed that beyond the baseline CSF WCC, CSF WCC changes over time might be an even more sensitive, specific, and accurate way to predict clinical outcomes. Few publications have assessed the association between CSF WCC changes over time with the prognosis of CM patients. A previous study showed that follow-up CSF cell count could not be used to monitor the efficacy of antifungal therapy in patients with cryptococcal meningoencephalitis \[[@CR14]\]. That study, however, included only 21 patients. Our study results might be less biased because of the considerably larger number of patients. We found that decreased CSF WCC was associated with effective antifungal therapy. Combined baseline CSF WCC and CSF WCC changes over time could provide better estimates for the prognosis of CM. The use of such a combined assessment might help clinicians to efficiently manage CM patients and closely monitor those with poor prognosis.

This study has some limitations. It is a retrospective study in a single hospital, and only part of the patients had data on CD4+ T lymphocyte count. However, this is the single-center study with the largest number of cases. Some tests could not be performed in every patient during diagnosis and treatment, which is more consistent with clinical practice. Further multicenter studies involving primary medical care settings, still need to be performed.

Conclusions {#Sec17}
===========

This study shows that CM patients with lower baseline CSF WCC, lower CD4+ lymphocyte count, and altered mentation as well as older male CM patients (≥ 60 years) were more likely to have a poor clinical outcome. Triple therapy during the induction period might be an alternative treatment approach for CM patients with poor prognosis. Baseline CSF WCC had a moderate positive correlation with peripheral CD4+ T lymphocyte count. Baseline CSF WCC below 40 cells/μL might indicate poor prognosis in CM patients. Baseline CSF WCC, combined with CSF WCC changes over time, could better predict the prognosis of CM. More aggressive treatment and effective management should be given to patients with poor prognosis.
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